Objectives: The aim of this study was to describe the proportion of acute respiratory compromise events in hospitalized pediatric patients progressing to cardiopulmonary arrest, and the clinical factors associated with progression of acute respiratory compromise to cardiopulmonary arrest. We hypothesized that failure of invasive airway placement on the first attempt (defined as multiple attempts at tracheal intubation, and/or laryngeal mask airway placement, and/or the creation of a new tracheostomy or cricothyrotomy) is independently associated with progression of acute respiratory compromise to cardiopulmonary arrest.
I n-hospital cardiac arrest (IHCA) is a major public health burden in children and is associated with significant morbidity and mortality. Each year more than 6,000 hospitalized children in the United States suffer a cardiopulmonary arrest (CPA) requiring cardiopulmonary resuscitation (1) . Although survival in children who suffer IHCA has improved over the last two decades (from 19% in 2000 to 26% in 2016), outcomes following CPA remain poor (2-4). Earlier for the American Heart Association Get With the Guidelines-Resuscitation Investigators recognition of patients at high risk for CPA is a first step to prevent CPA and improve outcomes.
Most pediatric IHCAs are due to respiratory insufficiency and/or hemodynamic instability (5, 6) . In-hospital acute respiratory compromise (ARC) events, defined as "absent, agonal, or inadequate respiration requiring emergency-assisted ventilation and eliciting a hospital-wide or unit-based emergency response" can be a manifestation of many serious medical conditions associated with acute respiratory illnesses, neurologic problems, and/or circulatory shock. These respiratory crises require emergency-assisted ventilation with bag-valve-mask ventilation and/or tracheal intubation in either critical care or noncritical care areas. In adult patients, ARC events requiring tracheal intubation are associated with an increased risk of progression to CPA (7) (8) (9) (10) (11) (12) (13) . Similarly, children who require emergency tracheal intubation have a markedly increased risk of progression to CPA (14, 15) .
A recent publication utilized a large, multicenter, prospective U.S. registry reporting the epidemiology of pediatric inhospital ARC to describe the overall landscape of these events and their association with in-hospital mortality (16) . Building on these results, we aimed to examine the impact of invasive airway placement on progression of ARC to CPA, with the specific hypothesis that failure of invasive airway placement on the first attempt is independently associated with progression of ARC to CPA.
MATERIALS AND METHODS

Study Design and Data Source
We conducted an observational study using prospectively collected data from the Get With The Guidelines-Resuscitation (GWTG-R) registry (17) . The GWTG-R is a quality improvement initiative sponsored by the American Heart Association (AHA). Participating hospitals may choose to contribute data to modules regarding IHCA (CPA), medical emergency team responses, ARC events, and postcardiac arrest care for both pediatric and adult patients. Each module has a separate database with distinct data collection forms (data collection form available at http://www.heart.org/idc/groups/heart-public/@ private/@wcm/@hcm/@gwtg/documents/downloadable/ ucm_457479.pdf); the pediatric ARC module alone was used in this study. Trained personnel at each participating hospital collect data for entry in to the database. Certification of data entry personnel and the use of standardized software further improve data integrity (18) (19) (20) (21) . We identified study subjects with an ARC event from patients enrolled in the AHA GWTG-R registry. At the time of this analysis, 338 hospitals participated in GWTG-R and 168 provided data on pediatric ARC events. The study was presented to the Institutional Review Board at the Children's Hospital of Philadelphia and determined exempt.
Population and Outcomes
"Acute respiratory compromise" is defined by the GWTG-R registry as "absent, agonal, or inadequate respirations that requires emergency assisted ventilation and elicits a hospital-wide or unit-based emergency response." Emergency-assisted ventilation may include noninvasive (e.g., mouth-to-mouth, mouthto-barrier device, bag-valve-mask, continuous positive airway pressure [CPAP] , or bilevel positive airway pressure [BiPAP] ) and invasive (e.g., endotracheal or tracheostomy tube, laryngeal mask airway) positive pressure ventilation. Out-of-hospital events or elective intubations are not entered in to the database.
We identified index ARC events (i.e., the first ARC event during that hospitalization) in pediatric patients (age less than 18 years) enrolled in the registry from January 2000 to December 2014. We excluded events that took place in the delivery room, events in which the patient had a preexisting invasive airway, events in which we were unable to determine the respiratory support provided, and those that did not report an outcome (Fig. 1) . The start of the ARC was defined by the date and time of the emergency response activation, and the end of the ARC was defined by a composite outcome of either 1) return of spontaneous ventilation (ROSV) sustained for more than 20 minutes; or 2) controlled ventilation (CV) with assisted ventilation sustained for more than 20 minutes; or 3) progression to CPA. CPA was defined as a state of pulselessness or a pulse with inadequate perfusion requiring chest compressions and/or defibrillation (in the case of ventricular fibrillation or pulseless ventricular tachycardia). Other than survival, details occurring after the ARC event ended and during the CPA event are not included in the ARC module and were not part of this analysis.
For each ARC event, we identified patient characteristics (age, sex, race, and preexisting medical conditions), preceding clinical circumstances (interventions in place at the time of the event, location, breathing pattern, and cardiac rhythm), details of the resuscitation event (respiratory support, medications given, interventions provided), and outcome. Preexisting medical conditions are defined in Supplemental Table 1 (Supplemental Digital Content 1, http://links.lww.com/PCC/ A550). Location of the event was classified for analysis as the ICU, emergency department, general inpatient area, neonatal ICU, procedural area/operating room, and other.
Statistical Analysis
In order to assess the impact of invasive airway placement on ARC outcomes, we grouped the ARC events into three categories depending on differences in invasive airway placement. Those events that did not require invasive airway placement were classified in the "No invasive airway group" (None), those events in which an invasive airway was placed successfully on the first attempt were classified in the "First attempt successful invasive airway group" (First Success), and those events that required multiple attempts at tracheal intubation, and/or laryngeal mask airway placement, and/or the creation of a new tracheostomy or cricothyrotomy were classified in the "First attempt failure invasive airway group" (First Failure) (19) . We defined our outcome groups as "ARC only" (ARC that did not progress to CPA) and "ARC to CPA" (ARC that progressed to CPA). Our primary outcome of interest was ARC progression to CPA across these three groups (None, First Success, and First Failure).
Statistical analysis was performed using SAS version 9.42 (SAS Institute, Cary, NC). We compared progression of ARC to CPA across the three groups by univariate analysis (Chi-square for categorical values or Wilcoxon rank sum for continuous variables). All factors associated with the primary outcome on univariate analysis (p < 0.1) were included in a multivariable logistic regression to analyze factors associated with ARC progression to CPA. Generalized estimating equation methods were used to account for clustering by sites. Any variable missing more than 10% of measured values was dropped from the model. Statistical significance was set at p = 0.05. Outcome, a Quintiles company, is the data collection coordination center for the AHA GWTG programs.
RESULTS
The initial data query yielded 3,793 index ARC events, of which 2,210 were analyzed after exclusion criteria were applied (Fig. 1 ). Ten percentage of ARC events progressed to CPA, 26% had ROSV, and 64% progressed to CV. Two-thirds of the cohort required invasive airway placement. Cardiac arrest occurred most frequently in the First Failure group. The median age of the overall cohort was 0.8 years (interquartile range, 0-5) and the majority of the patients were male (55%). Approximately onethird of ARC events occurred in the ICU, one-third in the general inpatient area, and one-sixth in the emergency department.
Supplemental Table 2 (Supplemental Digital Content 2, http://links.lww.com/PCC/A551) depicts the demographic characteristics of the subjects with an ARC event alone compared with subjects with an ARC event that progressed to CPA. Mortality was higher in those ARC patients who progressed to CPA compared with those who did not (41% vs. 13%; p < 0.0001). Hypotension preceding the ARC event as well as preexisting cardiac and noncardiac congenital malformations were more common among children with progression to CPA than those with ARC alone. Patients with ARC that progressed to CPA experienced more failure in first attempt invasive airway placement compared with those who had ARC alone (15% vs. 11%; p = 0.001). Table 1 depicts the clinical characteristics among the three categories depending on the airway management provided: "No invasive airway group" (None), "First attempt successful invasive airway group" (First Success), and "First attempt failure invasive airway group" (First Failure). The First Failure group had 239 patients with more than one attempt at tracheal intubation, 15 patients who required laryngeal mask airway placement, and nine who underwent the creation of a new tracheostomy or cricothyrotomy during their ARC event. There were no significant differences in terms of age, gender, or race; however, there were several variables that were significantly different across the groups including an increased likelihood of no preexisting medical condition, increased events in the general inpatient area and procedural/operating area, increased apnea at the time of the ARC event, increased use of CPAP/BiPAP during the ARC event, and an increased use of a reversal agent (naloxone, flumazenil, neostigmine) during the ARC event. Hospital mortality was significantly higher among children who required invasive ventilation compared with those with no invasive airway inserted (19% First Success vs. 18% First Failure vs. 9% None; p < 0.0001). Table 2 depicts variables associated with progression of ARC to CPA after adjusting for confounding variables of age, race, and illness category. The model demonstrated an independent association of failure of first attempt invasive airway placement with progression of ARC to CPA (adjusted odds ratio, aOR, 1.8 [95% CIs, 1.2-2.6]). Other variables associated with increased risk for progression of ARC to CPA included female sex, location of event in the emergency department, presence of apnea and/or agonal breathing, use of assisted noninvasive ventilation prior to the start of the ARC event, lack of a hospital-wide response activation, administration of sodium bicarbonate, and central venous catheter placement. The use of CPAP/BiPAP during the ARC event, administration of a reversal agent, and location of the event on the general inpatient ward were independently associated with a decreased risk for progression of the ARC event to a CPA. 
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DISCUSSION
This report describes risk factors associated with the progression of an ARC event to CPA for in-hospital pediatric patients from the AHA GWTG-R registry. More than 10% of these 2,210 children progressed from ARC to CPA during the ARC event. ARC events with failure of invasive airway placement on the first attempt were independently associated with higher risk for progression to CPA with an aOR of 1.8 (95% CI, 1.20-2.59). The use of noninvasive-assisted ventilation prior to the start of the ARC event also demonstrated an aOR of 1.8 (95% CI, 1.3-2.6) for progression to CPA. A recent publication from the GWTG-R ARC dataset described the association of ARC with in-hospital mortality in 1,952 children who experienced an ARC event. Although the cohort had an overall mortality rate of 14.6%, the mortality rate increased to 18.6% in those patients requiring the placement of an invasive airway and to 46.2% in those patients whose ARC event progressed to CPA. After controlling for potentially confounding factors, having an unmonitored event, medical cardiac illness category, preexisting hypotension, and septicemia were all independently associated with mortality (16) . However, this study did not specifically examine delay in invasive airway placement in progression of ARC to CPA.
This study adds to the growing body of literature highlighting the importance of rapidly and efficaciously securing an invasive airway for patients who experience an acute respiratory event and require definitive airway management. Numerous studies in adult patients have demonstrated that repeated Other noninvasive ventilation 26 (3) 17 (1) 10 (4) 0.0059
Pharmacologic interventions, n (%) Bronchodilator 57 (7) 63 (5) 19 (7) 0.13 (19) 47 (18) a "None" is no invasive airway required, "First Success" is successful first attempt intubation, and "First Failure" is any event that had > 1 attempt at tracheal intubation, a laryngeal mask airway placement, or the creation of a new tracheostomy or cricothyrotomy. attempts at tracheal intubation are associated with increased complication rates (10, 22) . In a seminal study of nearly 3,000 adults, three or more attempts at tracheal intubation were associated with a 14-fold increased risk of desaturation below 70% and a seven-fold increased risk for cardiac arrest (10). Lee et al (22) examined over 3,000 pediatric tracheal intubations in PICUs using a multicenter database and observed that the risk of tracheal intubation-associated cardiac arrest increased with a greater number of intubation attempts. In our cohort, ARC events with failure of invasive airway placement on the first attempt (defined as ARC events that required more than a single attempt at endotracheal intubation, LMA placement, or tracheostomy or cricothyrotomy) were significantly associated with higher risk of progression to CPA. In the present study, there were 173 CPA events among 1,448 ARC events in the two airway groups requiring invasive airway placement (First Success and First Failure), resulting in a cardiac arrest occurrence rate of 12%. In a prospective multicenter PICU study, tracheal intubation-associated CPA occurred in 1.7% of 5,232 tracheal intubation attempts (14) . However, this prior study included stable patients intubated for elective procedures with optimal preparation, whereas the patients in our cohort were all emergently intubated for ARC, and likely represent a very different risk profile that could explain the discrepant rates of cardiac arrest.
The GWTG-R registry does not include information regarding the experience or expertise of the providers performing tracheal intubation. This is important because several pediatric studies have established the association between provider training and tracheal intubation success. Sanders et al (23) showed that both successful first attempts and overall success of tracheal intubation were lower for pediatric residents than fellows, and the incidence of adverse events associated with intubation were substantially higher among intubations by less experienced trainees. Another investigation demonstrated that only 23% of pediatric residents achieved competency in neonatal intubation, presumably because the median number of intubation opportunities for any one individual over his or her training period was three (24) . Not surprisingly, the length of training time within a pediatric critical care fellowship is significantly associated with overall tracheal intubation success rate (25) . These data regarding provider training and tracheal intubation success rate taken in conjunction with the increased cardiac arrest occurrence rate seen in our study as compared with previously published studies suggest that emergent tracheal intubation in the setting of an in-hospital ARC event should be regarded as a high-risk event.
Noninvasive-assisted ventilation is increasingly provided in pediatric critical care units (26, 27) . In our cohort, there was an increased use of noninvasive-assisted ventilation at the start of the ARC event in patients who had progression of ARC to CPA compared with ARC alone. This also was noted in multivariable analysis, with an increased association of assisted noninvasive ventilation at the start of the ARC event (aOR, 1.8 [95% 19% ; p = 0.0005). CPAP and/or BiPAP initiated "during" the ARC event was also independently associated with a lower odds ratio of progression to CPA in our multivariate regression. These retrospective associations preclude delineation of causality (i.e., whether noninvasive ventilation is protective or it is used in children with less severe respiratory distress), but represent an important area for future study.
In order for the event to meet criteria for an ARC event, patients had to require emergency-assisted ventilation and the event had to elicit a hospital-wide or unit-based emergency response. In our regression model, the lack of a hospital-wide emergency response was significantly associated with progression of ARC to CPA (aOR, 1.8 [95% CI, 1.0-3.2]). This likely represents patients who had their ARC event while in an ICU or emergency department and elicited a unit-based localized response rather than a hospital-wide response. Notably, ARC events in a general inpatient area had a lower odds ratio of progression to CPA (aOR, 0.4 [95% CI, 0.3-0.7]).
The findings of the current study should be interpreted in the context of its methodology and the limitations concerning the use of a large, multicenter database. For example, though we found that ARC events with failure of invasive airway placement on the first attempt were independently associated with higher risk for progression to CPA, most events did not include information regarding the number of attempts required to secure an airway. A dose-response effect, if present, could have provided stronger evidence to support the association. Though we have demonstrated the association between failure of invasive airway placement on the first attempt and progression to CPA, further study is needed to better understand this relationship. Limitations related to integrity and validity of data were minimized by use of standardized Utstein definitions, rigorous abstractor training, and uniform data collection. However, underreporting may exist. Selection bias may impact the data analysis performed. It is also important to note that participation in GWTG-R is voluntary and that there may be differences in care between those hospitals that choose to participate and those who do not.
CONCLUSION
More than 10% of 2,210 children with an in-hospital ARC event progressed to a cardiac arrest. Failure of invasive airway placement on the first attempt at tracheal intubation, defined as multiple attempts at tracheal intubation, and/or laryngeal mask airway placement, and/or the creation of a new tracheostomy or cricothyrotomy, is independently associated with progression of ARC to CPA.
